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Description 

The present invention relates to a subscriber line in- 
terface circuit for a telephone system, and more partic- 
ularly to a current mode subscriber line interface circuit s 
in which the four-wire transmission path transmit signal 
gain, the four- wire transmission path receive signal gain, 
and the two-wire impedance matching are mutually in- 
dependent. 

A telephone subscriber line interface circuit (SLIC) io 
connects a balanced two-wire transmission path (the tip 
and ring paths to and from the individual subscriber's tel- 
ephone handset) with an unbalanced four-wire transmis- 
sion path (the separate two-wire transmit and receive 
signal paths to and from the telephone central switching ^5 
matrix). SLICs perform various functions, including bat- 
tery feed, overvollage protection, ringing, signaling, hy- 
brid, and testing. 

SLIC operation is known and need not be consid- 
ered in detail. By way of explanatory example, and with 
reference to the prior art SLIC shown in Figure 1 , a cur- 
rent mode SLIC 10 (a SLIC that processes the currents 
related to the signals in the transmission paths^ rather 
than the voltages) uses current information available in 
the tip and ring voltage sensing resistors RSI and RS2 
at the two-wire or subscriber side of the SLIC. 

Current mode SLICs typically use current mirrors 
that provide a copy of the incoming signal. Current mir- 
rors are well known as disclosed in the specification of 
U.S. Patent No. 4.203.012. 30 

The current infomnation is provided to a hybrid circuit 
12 that detects incoming signals and sends them in the 
right direction. The hybrid circuit 12, in combination with 
external circuitry indicated generally at 14 connected to 
the four-wire side of the SLIC, provides appropriate am- 35 
plification, transhybrid echo cancellation, and imped- 
ance matching. 

The gain of the "receive" signal (the signal passing 
through the SLIC to the subscriber) is also referred to as 
"four- wire to two- wire gain", and is VjrA/rx' where Vjr 40 
is Vjip - Vrij^q. The receive signal Vpy is converted to 
current, mirrored, amplified, split, amplified again and 
applied at the tip and ring connections for transmission 
to the subscriber. 

The gain of the transmit" signal (the signal passing ^5 
through the SLIC from the subscriber to the four-wire 
transmission line) Is also referred to as the "two-wire to 
four-wire gain", and is Vj^/VyR, where Vyp is the voltage 
across Rrhone + '^wire- provide a transmit signal, 
the tip and ring currents are mirrored, combined, and so 
converted to a voltage by a factor R4W. 

Two wire return loss is the delayed return of the 
two-wire signal (the speaker's voice at the subscriber 
handset) back to the speaker through the two-wire trans- 
mission path and is caused by an impedance mismatch 
at the tip-ring interface. Transhybrid echo is the receive 
signal appearing on the transmit output as a conse- 
quence of being measured on the 2-wire lines and is 



VtxA/rx- 

In operation, the tip and ring voltages at the tele- 
phone line terminals are converted to tip and ring cur- 
rents by imposing the voltages across resistors RS1 and 
RS2. and the currents are thereafter provided to current 
mirrors CM1 and CM2 where they are copied. The a.c. 
tip current, TIP/ is proportional to the voltage at the tip 
side of the telephone line, and the a.c. ring current, f 
RING /is proportional to the voltage at the ring side of the 
subscriber's telephone line. 



'tip = V^ip/RSI 



RING 



(1) 



(2) 



The hybrid circuit 12 is desirably provided in an in- 
tegrated circuit to reduce size and increase reliability. 
The external circuitry 14 have not generally been part of 
prior art integrated circuits (i.e. , they are "off-chip") be- 
cause impedance matching requires time and tempera- 
ture stability and the impedance being matched is 
off-chip. More significantly, the impedance is generally 
complex and the implementation of large value capaci- 
tors in silicon is not practical. Many of the prior art resis- 
tive elements (e.g. . RSI , RS2, and the resistor F\^^) are 
part of the integrated circuit since no change in them is 
anticipated and they do not usually play a critical role in 
impedance matching. 

Two of the more complex problems faced in the de- 
sign and operation of current mode SLICs are transhy- 
brid echo cancellation and impedance matching. As ear- 
lier indicated, imperfect impedance matching results in 
the delayed return of the two-wire signal (the speaker's 
voice at the subscriber handset) back to the speaker 
through the two- wire transmission path. Transhybrid 
echo is caused when the signal received from the 
four-wire circuit at 16 passes through the SLfC to the 
four-wire transmit signal transmission path 18. Transhy- 
brid echo has been conventionally cancelled off-chip by 
summing a portion of the received signal with the trans- 
mitted signal to effect cancellation of the component of 
the transmitted signal which has been passed through 
the SLIC from the received signal, the transmit and re- 
ceived signals being generally of opposite phase or po- 
larity to effect cancellation. 

Impedance matching reduces reflection of the trans- 
mitted signal. The two-wire subscriber line is a transmis- 
sion path with a load impedance Zl typically complex 
with 1 GO'S of ohms (e.g. , 600 to SOOOQ). The SLIC con- 
nected to the subscriber's line desirably has a matching 
impedance to prevent two-wire reflection or echo, also 
known as "two-wire return". 

Figure 1 shows impedance matching has been car- 
ried out off -chip by synthesizing a two-wire impedance 
Zg that approximates the load impedance as seen at 
the tip and ring terminals. The synthesized impedance 
factor K^Zo may be provided by an impedance element 
20 connecting the transmit path 18 and the receive path 
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16- 

The magnitude of the receive signal into Rx is the 
sum of the signal in the impedance element 22 and the 
impedance element 20. The gain adjustment K2Z0 trom 
impedance element 20 and the impedance setting factor 
KtZq are thus necessarily related, with typically K^>K2. 

The dependency of the receive signal gain adjust- 
ment on the impedance setting factor, and the tact that 
they are complex functions, have contributed to the dif- 
ficulty in independently changing gain and two-wire im- 
pedance matching. These factors have also limited the 
ability to vary the gain adjustment and the impedance 
matching factor because changes are overly complex. 
Hence, values for impedance matching and gain are pre- 
set based on compromises in performance. 

An object of the present Invention to obviate many 
of the problems of the prior art and to provide a SLIC and 
method of operation, and in which a four-wire transmis- 
sion path transmit signal gain, a four-wire transmission 
path receive signal gain, and two-wire impedance 
matching are mutually independent. 

A further object is to provide a novel SLIC and meth- 
od of operation in which the synthesizing impedance for 
controlling two-wire return loss is a two port network with 
one port grounded. 

Another object is to provide a novel SLIC and meth- 
od of operation in which an impedance matching circuit 
provides a synthesized impedance by increasing the 
gain of a combination of tip and ring currents in inverse 
relation to the value of a grounded synthesizing network 
impedance Zq, and in which the gain of a receive signal 
in the four-wire transmission path is independent of im- 
pedance matching and transmit gain. 

The present invention includes a SLIC subscriber 
line integrated circuit connected between a 2-wire sub- 
scriber transmission path and a 4-wire transmission 
path, said SLIC comprising a combiner for combining a 
receive signal current with tip and ring signal currents 
and an impedance matching circuit, an impedance 
matching circuit referenced to ground potential through 
an impedance preselected to approximate the anticipat- 
ed impedance of a 2-wire transmission path to be con- 
nected to the SLIC. and a current mirror for increasing 
the gain of said combiner in inverse relation to the value 
of said impedance, and mutually independent means for 
independently adjusting (a) the 4-wire transmit signal 
gain, (b) the 4-wire receive signal gain, and (c) the 2-wire 
impedance matching circuit. 

The invention also includes a method of matching 
impedance across a SLIC comprising the steps of: 

(a) combining tip and ring signal currents; 

(b) thereafter nnodifying the gain of the combined 
current 

as a function of a predetermined impedance, in which 
the predetermined impedance is grounded, and the re- 



lationship between the gain of the combined current and 
the predetermined impedance preferably, is inverse. 

The invention will now be described by way of ex- 
ample, with reference to the accompanying drawings in 
s which: 

Figure 1 is a schematic functional block and circuit 
diagram of a prior art SLIC hybrid with associated com- 
ponents illustrating impedance matching, transmit gain 
adjustment, and receive gain adjustment features. 
10 Figure 2 is a functional block diagram of a prior art 
device illustrating the impedance matching functions of 
the SLIC of Figure 1. 

Figure 3 is afunctional block diagram of one embod- 
iment of the present invention illustrating the impedance 
IS matching functions. 

Figure 4 is a functional block diagram of a prior art 
device illustrating the transhybrid echo cancellation func- 
tions of the SLIC of Figure 1 . 

Figure 5 is a functional block diagram of one embod- 
20 iment of the present invention illustrating the transhybrid 
echo cancellation functions. 

Figure 6 is a functional block diagram of one embod- 
iment of the improved SLIC hybrid circuitry of the present 
invention showing the integration of the circuits of Fig- 
25 ures 3 and 5. 

An appreciation of the SLIC of the present invention 
will be more easily realized by first separately consider- 
ing two of the primary improvements provided by the cir- 
cuitry; impedance matching and transhybrid echo can- 
30 cellation. Figures 2-5 used in the separate discussions 
that follow depict the features of the circuitry. 

Impedance matching in the improved SLIC circuitry 
described herein is independent of the receive gain and 
transmit gain adjustment and is moved off -chip for ready 
35 access. The comparable prior art circuitry is depicted in 
functional blocks in Figure 2. As seen therein, the gain 
correction of the receive signal K2Z0 and the synthesiz- 
ing impedance factor K^Zq are both functions of Zq and 
thus a change in one affects the other. They are both 
40 off -chip. 

In contrast, and with reference to Figure 3, the im- 
pedance matching circuitry herein uses a simple off -chip 
resistive element Rx that is independent of Zq for receive 
signal gain adjustment. The synthesizing impedance 

45 factor KZq is provided by another simple off-chip ele- 
ment that is grounded at one end and allows Ry to be 
independent of Zq and R4W. The gain of the impedance 
matching function factor is inversely proportional to Zq. 
Transhybrid echo cancellation is depicted in the 

so functional block diagram of Figure 4. It is conducted 
off-chip using a current combiner S2 with appropriate 
voltage-current converters. In contrast, transhybrid echo 
cancellation in the improved circuitry of Figure 5 is car- 
ried out on-chip by providing a separate copy of the re- 

55 ceive signal current IRx to the combiner S3 from a cur- 
rent mirror CM4. 

The circuitry for performing both impedance match- 
ing and transhybrid echo cancellation may be more 
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clearly seen in Ftqu-c 6 In operation, the tip and ring 
voltages at tho lolophorv; line terminals are converted to 
tip and ring cufrcnts by imposing the voltages across re- 
sistors RS1 and RS2 nrd the currents are thereafter pro- 
vided tocurrcri mr r ors 30 nnd 32 where they are copied 
twice. The a c iipcu rcnt i^ip is proportional to the volt- 
age at the ttp side o! the icicDhone line, and the a.c. ring 
current. lR,K,f-, il> prcpoiional to the voltage at the ring 
side of the toicpricxio Unc as in equations (1) and (2) 
above. The Qto;y:>iU'Ot\-My may be different in the l-np 

'ring copK?'^ t;-> iMo i.icior Nl and N2 as indicated. 

The N2 tip CLf ft.M»! combined In combiner 34 with 
the N2 ring cuiiont .if:or fmrronng in current mirror 36 to 
effect the fiddioi Of focombining in the combiner 34. 
This current 10 to cc<ui fted to a voltage amplified by a 
factor B^yj tn trie u v ^^d passed to the four wire 

circuit as the ir.in.fTi ! -..^ jm.iI Vj^ 

To cancel iMr-.r-vt^rKj ochD 2_e.. the presence of the 
received siqn.:i r if tn-^mit signal, a copy of the re- 
ceive signal bc.iH.-j t v - t i.iv iur N5 may be provided from 
current miirui >• i . 1 1.< , mji 34 to effect cancellation of 
the received l. j'^v i; ino irnnsmit signal. The com- 
biner 34 provKjj .1 . .M,jd current signal 13 to a cur- 
rent-to-voliiiq<: c ^ . f 4^ where the signal may be 
amplified no i; ; ■ i » . botorc being passed to the 
four-wire trnntat. uruy^ .,s the transmit signal volt- 
age V-rx 



1 - iN3x IR ) 



(3) 



1 ; forossed by converting the 
^ : t,•^J^'^l voltage to receive signal 
' I Current mirror 38 makes 
' Mf-infihybrid echo cancellation 
other for four-wire to two-wire 



l3^(N2xU^, 

The rocetv. 
information iii f . 
current IR^ 
two copies ot !^;, 
discussed Ht>cvc . i- v; 
transmission 

The ccmt. ' .:4 . ^nt^mcs three currents: i.e., a 
copy of lj,p (ro*^' f-i.rf,.f ; tm.jI may be scaled by a factor 
Nl, acopy ol , ^ror 32 that may be scaled by 
a factor Nl iifi" . ; t v J rn,rror 32 may be reversed as 
needed in mirr. .' • ••..! i^,p and Iri^^q have the ap- 
propriate poiif.tr . '.ocond copy from mirror 38 
that may bo i^r.i*. .! : . ^ ' i.ior N4. The combined cur- 
rents from cof'^ i'" ' ^4 t ;rn tho current 14 used in im- 
pedance m.^!- ; ... 4vV to 2W transmission. 

I4 = (N1 XI,.,. . . ',^^J-(N4xIrx) (4) 

The cuffC M u 10 P'CAtJcd to current gain amplifier 
48 where tho cuff en! r> .n changed b^a factor that is 
related to inc iiv^ t»io mpcdan^e'^setting Zq. The 
current gam Hmijh*H\> 4- m iy -oceive A, the input signal 
14, which IS mcOit-xJ Dy synthesizing Impedance factor 
KZq from grouno»?a mpoamco clement 50 and a resist- 
ance Rn from rcstsir/o oiomcni 52. The gain of the cur- 
rent gain amphitc 4r 

G 'ouT ^iN- R^KZo (5) 
Rn is desiraLly lixed rib a change in Rn may affect 



Zq. However. Zq may change without affecting Rn. 

The output from the current gain amplifier 48. G x 
14. may be provided to current splitter 54. with each part 
being amplified by a factor F in current amplifiers 56 and 
s 58 passed to the two- wire load. 

Because the impedance element 50 that provides 
KZq is not attached to the input resistor Rx, a change in 
Zq will not affect Rx as in prior art circuits. The grounding 
of one end of Zq promotes simplicity and permits switch- 
10 ing of impedance elements. Thus, the synthesized im- 
pedance may be changed independently of the receive 
signal gain and transmit signal gain. This Independence 
allows considerable latitude in the applicability of a SLIC 
with this circuitry, as the telephone system impedance 

^5 may vary over time or from locality to locality by adjusting 
a single two-port, one end grounded network rather than 
adjusting two two-port non-grounded networks. For ex- 
ample, the element 50 may be switched into and out of 
contact as needed, and may be selected from among a 

20 set of such elements, each with a predetermined imped- 
ance. Conversely, the independence of Rx. R4W and Zq 
also allows the receive and transmit signal gain to 
change as needed without affecting impedance. 

The components used in the improved circuitry may 

25 be conventional, although components adaptable to in- 
tegrated circuits are desirable to take advantage of the 
ability to match components (e._q., in the current mir- 
rors) and to improve reliability. For example, when inte- 
grated circuit components are used, a SLIC hybrid circuit 

30 60 (enclosed within the dashed lines in Figure 6) may be 
a single integrated circuit. The components that may pro- 
vide inputs with variable values may be off-chip, although 
this is not required. For example, Rx and KZq may be 
off-chip so that they may be selectively changed when 

35 installing the SLIC or during operation in response to 
changing operating conditions. 

As will be appreciated, the circuit of Figure 6 uses a 
single, ground referenced, impedance network to control 
two-wire return loss, instead of the floating networks of 

40 the prior art. A synthesized two-wire impedance may be 
selected independently of receive and transmit gain by 
using switches to ground. Receive and transmit gain may 
be set by a single resistor, instead of the complex imped- 
ance networks for the complex impedance loads of the 

45 prior art. 

A demonstration of the simplification of the selection 
of components afforded by the improved circuitry herein 
will be shown with reference to the component designa- 
tions and multiplication factors of Figure 6. 

50 The synthesized impedance Zq may be calculated 
as follows: 



Z = 



(RSKKZq) 



(6) 



55 



(Rn)(FN1) 

The four-wire to two-wire receive gain may be cal 
culated as follows: 
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_ (RS)(N4)(ZL) 
4W-2W- ( RX) ( N 1 )(Z3+ZL) 



(7) 



The two-wire to four-wire transmit gain may be cal- 
culated as follows: 



_ (R4w)N2 

^2W-4W-^TX'^TR- RS 



(8) 



The transhybrid echo cancellation (four-wire to four-wire 
gain) may be calculated as follows: 

(R4w) (N4N2) ZL(-N3) 
^4W-4W-VTx/Vpx- (px) (N1 ) (Z^+ZL) 

To demonstrate the simple substitution of compo- 
nents herein, assume the following values: 
Nl z=N2= N3=: 1. 
N4 = 2 
F = 400, 

Rn = 25kQ, RS = lOOkQ 
ZS = ZL 600a 

Then, the components with the following values may 
be used to achieve the gains indicated: 

for G4W.2W - ^2W-4W - ^ ^4W-4W' - "'"^^ 



KZq = 60k^l, Rx ^ 1 0OkQ, and = 1 0Okn; 
for G4W-2W = -6 dB, G2VV-4W = 0 dB, G4W-4W = -i'^^- 



dB 



KZq = 60kr^, Rx = 200ka, and R4W lOOkQ; 
for G4W-2W = 0 dB, G2W-4W ~ "^dB, G4W-4W 

KZq = 60kQ, Rx = 1 0OkQ, and ^ 200kQ; 
As is apparent, gain may be changed by a simple 
substitution of resistors, without affecting impedance 
matching. 

A subscriber line interface circuit (SLIC) for a tele- 
phone system In which a 4-wire transmission path trans- 
mit signal gain, a 4-wire transmission path receive signal 
gain, and a 2-wire Impedance matching correction are 
mutually independent. Hybrid circuitry for the SLIC in- 
cludes a synthesized impedance for controlling 2-wire 
return loss that is grounded. Impedance matching and 
transhybrid echo cancellation may be is carried out in an 
Integrated circuit with the SLIC circuitry. 



Claims 

1. A SLIC subscriber line integrated circuit connected 
between a 2-wire subscriber transmission path and 
a 4-wire transmission path, said SLIC comprising a 
combiner for combining a receive signal current with 
tip and ring signal currents and an impedance 
matching circuit, the impedance matching circuit ref- 
erenced to ground potential through an impedance 
preselected to approximate the anticipated imped- 
ance of a 2-wire transmission path to be connected 
to the SLIC, and a current mirror for increasing the 
gain of said combiner in inverse relation to the value 
of said impedance, and mutually independent 
means for independently adjusting (a) the 4-wire 
transmit signal gain, (b) the 4-wire receive signal 



gain, and (c)the 2-wire impedance matching circuit. 

2. A SLIC as claimed in claim 1 , including connections 
between a 2-wire subscriber transmission path and 

5 a 4-wire transmission path, said SLIC comprising a 
circuitfor impedance matching including a grounded 
impedance for controlling 2-wire return loss. 

3. The SLIC as claimed in claim 1 or 2 wherein said 
10 grounded impedance means is preselected to 

approximate the anticipated impedance of the 
2-wlre circuit to which it is connected, and the com- 
biner for combining a receive signal current from the 
4-wire line to which connected with the tip and ring 
15 currents of the 2-wire circuit to which connected, and 
means connected to said grounded impedance for 
increasing the gain of said combiner in inverse rela- 
tion to the value of said grounded impedance. 

20 4. A SLIC as claimed in Claim 1 or 2 wherein said SLIC 
includes a variable gain amplifier, said grounded 
impedance is electrically connected to said variable 
gain circuit, with said variable gain amplifier being 
an integrated circuit and said grounded impedance 

25 is a discrete circuit component, preferably said var- 
iable gain amplifier is independent of said converting 
means. 

5. A SLIC as claimed in Claim 1 wherein said grounded 
30 impedance is preselected to approximate the antic- 
ipated impedance of the 2 wire transmission path to 
which connected, and said SLIC further comprises 
means for converting a receive signal voltage from 
the 4-wire transmission path to which it is connected 

35 to a receive signal current, a first combiner for com- 
bining the receive signal current and the tip and ring 
currents from the 2-wire transmission paths to which 
connected, and a current gain amplifier connected 
to said grounded impedance for increasing the gain 

40 of said first combiner In inverse relation to the value 
of said impedance, said grounded impedance is 
independent of said means for converting and pref- 
erably said means for combining and said means for 
increasing the gain of said combiner are in the same 

45 integrated circuit. 

6. A SLIC as claimed in any one of claims 1 to 5 includ- 
ing the 4-wire transmission path and the 2-wire 
transmission path comprising a feedback circuit for 

50 providing an impedance selected to approximate the 
anticipated impedance of the 2-wire transmission 
path so as to reduce 2-wire transmission path return 
loss, and resistive means external to said feedback 
circuit for adjusting the gain of a receive signal in the 

55 4-wire transmission path. 

7. A sue as claimed in any one of Claims 1 to 6 
wherein said SLIC includes transhybrid echo can- 
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10 



cellation means comprises a second combiner for 
combining the receive, and tip and ringcurrents.and 
means for converting the output from said second 
combiner to a 4-wire transmission path transmit volt- 
age. 5 

8. A metliod of matching impedance across a SLIC 
comprising the steps of: 

(a) combining tip and ring signal currents; io 

(b) thereafter modifying the gain of the com- 
bined current as a function of a predetermined 
impedance, in which the predetermined imped- 
ance is grounded, and the relationship between f5 
the gain of the combined current and the prede- 
termined impedance preferably, is inverse. 

9. A method as claimed in Claim 8 wherein the steps 

of current combining and gain modification are car- 20 
ried out in an integrated circuit. 

1 0. A method of transhybrid echo cancel lation in an inte- 
grated circuit SLIC comprising the steps of: 

2S 

(a) combining a 4-wire receive signal current 
with 2-wire tip and ring signal currents within the 
SLIC; and 



signal voltage a grounded 2-wire impedance for con- 
trolling 2-wire return loss, a current gain amplifier 
connected to said grounded 2-wlre impedance for 
increasing the gain of said two combiners in inverse 
relation to the value of said grounded 2-wire imped- 
ance, said current gain amplifier feeding a current 
back through said two current mirrors, and in which 
said two current mirrors, said two combiners, said 
converter, and said current gain block are in a single 
integrated circuit. 



(b) providing a 4-wire transmit signal voltage 30 
from the combined currents, in which the step 
of providing the 4-wire transmit signal voltage is 
carried out within the SLIC integrated circuit, 
and the amplitude of the transmit signal voltage 
is a function of a discrete resistive circuit com- 35 
ponent. 



11. A method as claimed in Claim 10 including the step 
of controlling 2-wire return loss in a 2-wire transmis- 
sion path connected to the SLIC by controlling the ^0 
value of an impedance preselected to approximate 
the anticipated impedance of the 2-wtre transmis- 
sion path, and the step of controlling 2-wire return 
loss includes the step of increasing the gain of a 
combination of the 2-wire tip and ring currents in 4S 
inverse relation to a value of a preselected imped- 
ance. 



12. A SLIC between a balanced 2-wire transmission 
path and an unbalanced 4-wire transmission path so 
comprising two current mirrors, each for converting 
a tip and ring signal voltage on the 2-wire transmis- 
sion path into a tip and ring signal current, two com- 
biners, each for combining a receive signal current 
from the 4-wire transmission path with the tip and 55 
ring signal current from one of said two current mir- 
rors, a converter for converting a current output from 
a first one of said two combiners into a SLIC transmit 
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